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Appendix 5-B-1                                         "A" Dimension for 
                                                    Prestressed Girder Bridges
(For Simple Span or Continuous P.S. Bridges)

Definitions:

S  =  Span length (ft.)
L  =  Vertical curve length (ft.)
G =  Algebraic diff. in profile tangent grades (%)
R =  Horizontal curve radius to girder per next sheet (ft.)
W =  Girder top flange width (inches)
m =  Deck crown or super slope (ft./ft.)

Note: The following assumes that sag breaks in curb line profiles due to super transitions will occur @ Piers so as 
not to require any increase “A.”

                     “A” Dimension (At Piers only)

(Slab Thickness + 3/4″) fillet                            = + (Normally 81/4″)
1  Excess Girder Camber Allowance               = + *

Top Flange Width Effect = W × m2                  = + 

Horiz. Curve Effect = 1.5 S2m
     R            = +

Vert. Curve Effect = 1.5 GS2
 100L                         = {+ for Sag Vert. or - for Crown Vert.)

Round “A” to nearest 1/4″   Total “A”

(See minimums below) May make shorter span critical.

Use “A” = (Slab thickness +  3/4″) + Top Flange Width Effect) Min.
Use “A” = 9″ Min. where Drain Type 5 crosses girder.

The basic attempt is to have the top of girder not higher than 3/4″ below the bottom of slab at the center of the span. 
This provides that the actual girder camber could exceed the calculated value by 13/4″  before the top of the girder 
would start interfering with the slab steel.

1    Allowance for the amount the girder camber, at time of slab casting,“D” dimension from Girder 
Schedule Table.

*    Use 2.50 @ preliminary plan stage to determine vertical clearance. Note in left margin of Layout: 
“A” Dimen. = “X” (not for design).

       Use value from deflection program results to determine “A” Dimen. to use for design.

{
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Horizontal Curve Effect:

φ =             ×         ×  m5,730
    R

  S 
400

H =                 ×  0.01746  ×      ×  12573Sm
    4R

S
2

tan φ =                 ×  0.01746         tan 1°5,730Sm
   400R (approx.)

1.5  ×  S2
       R

H                         ×  m (inches)

(approx.)

K =                             a = K  ×               × 12  =        ×           ×  12

a = 1.5  ×             × S2 (inches)

 100G   
    2L

     S2   
 40,000

 G   
 

   G     
100 L

  S2   
 400

Vertical Curve Effect:

Algebraic difference in profile tangent grades = G (%)

Vertical curve length = L (ft)

Span Length = S (ft)

Check for excess pad at    span

For bridges which are on sharp crowned vertical curves, the pad at     span can become excessive to the point 
where the girder and diaphragm stirrups (based on the “A” dimension) are too short to bend into the proper position. 
This is a problem on bridges with spans in excess of 100 feet and a total grade change of 10 percent on a 900-foot 
vertical curve. The effect of girder cambers which are less than the calculated values tends to add to this error. 
The “A” dimension @    centerline span shall not be less than:  

“A”      = “A” pier + Vertical Curve effect + Excess Camber — (D) Screed Camber (C)

A value for “D” of 1 inch less than that shown on the Girder Schedule Table should be used to accommodate the 
worst case of camber variation.

A correction should be made to the stirrup lengths if the value of A     exceeds A by more than 2 inches.CL

CL

CL

CL

CL
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Appendix 5-B-2                                                 Pre-approved 
                                                 Post-Tensioning Anchorages
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Preapproved Post-Tensioning Anchorages
The following are the anchorages approved by the Washington State Department of 
Transportation. The majority of these anchorages have been approved and accepted 
by WSDOT on the bases of tests done by suppliers for various state and local jurisdictions 
outside the state of Washington.

VSL Corporation (Owned by DYWIDAG Systems International)
Anchorage Type Maximum Number of Strands

E5-12 Bearing Plate 12 1⁄2-inch strands
E5-19 Bearing Plate 19 1⁄2-inch strands
E5-22 Bearing Plate 22 1⁄2-inch strands
E5-31 Bearing Plate 31 1⁄2-inch strands
E5-37 Bearing Plate 37 1⁄2-inch strands
E6-12 Bearing Plate 12 0.6-inch strands
E6-19 Bearing Plate 19 0.6-inch strands
E6-22 Bearing Plate 22 0.6-inch strands
E6-31 Bearing Plate 22.06-inch strands

EC5-31 Casting With External and Intermediate 31 1⁄2-inch strands
EC5-27 Casting With External and Intermediate 27 1⁄2-inch strands
EC5-19 Casting With External and Intermediate 19 1⁄2-inch strands
EC5-12 Casting With External and Intermediate 12 1⁄2-inch strands
SO6-4 Casting With External Flange (for Bearing) 4 0.6-inch strands used for dock 

(or slab) post-tensioning
ACS-28.5 Bearing Plate 28 1⁄2-inch strands
ACS-24.5 Bearing Plate 24 1⁄2-inch strands
ACS-22.5 Bearing Plate 22 1⁄2-inch strands

C-22.5 Casting With External and Intermediate 22 1⁄2-inch strands
ES5-12 Single Plane Anchorage 12 1⁄2-inch strands
ES5-19 Single Plane Anchorage 19 1⁄2-inch strands
ES5-31 Single Plane Anchorage 31 1⁄2-inch strands
ES6-7 Single Plane Anchorage 7 0.6 inch strands

ES6-12 Single Plane Anchorage 16 0.6 inch strands
ES6-19 Single Plane Anchorage 19 0.6 inch strands
ES6-22 Single Plane Anchorage 22 0.6 inch strands



Page 5-B-4 Bridge Design Manual M 23-50 
 July 2005
Page 5-B1-4 Bridge Design Manual M 23-50 
 April 2005

Bridge Design Manual M 23-50 Page 5-B1-5
April 2005

AVAR Post-tensioning Systems
Anchorage Type Maximum Number of Strands

SP 12.5 Single Plane System 12 1⁄2-inch strands
SP 19.5 Single Plane System 19 1⁄2-inch strands
SP 27.5 Single Plane System 27 1⁄2-inch strands
SP 37.5 Single Plane System 37 1⁄2-inch strands
MP 12.5 Multiple Plane System 12 1⁄2-inch strands
MP 22.5 Multiple Plane System 22 1⁄2-inch strands
MP 34.5 Multiple Plane System 34 1⁄2-inch strands
C 12.5 Single Plane System 12 1⁄2-inch strands
C 19.5 Single Plane System 19 1⁄2-inch strands
C 27.5 Single Plane System 27 1⁄2-inch strands

DYWIDAG Systems International
Anchorage Type Maximum Number of Strands
MA12-0.5” Mutiplane Anchorage 12 1⁄2-inch strands
MA 9-.06” Mutiplane Anchorage 9.6-inch strands

MA 15-.05” Mutiplane Anchorage 15 1⁄2-inch strands
MA 120-0.6” Mutiplane Anchorage 12.6-inch strands
MA 20-.05” Mutiplane Anchorage 20 1⁄2-inch strands
MA 15-.6” Mutiplane Anchorage 15.6-inch strands

MA 27-0.5” Mutiplane Anchorage 27 1⁄2-inch strands
MA 19-.06” Mutiplane Anchorage 19.6-inch strands
MA 37-0.5” Mutiplane Anchorage 37 1⁄2-inch strands
MA 27-.06” Mutiplane Anchorage 27.6-inch strands
MA 15-.5” Mutiplane Anchorage 27 1⁄2-inch strands
MA 15-.5” Mutiplane Anchorage 27 1⁄2-inch strands

Bar Anchorages   1-inch thread bars through 13/8 at fu of 150 ksi only.
* Total strands include all bottom strands and top strands
** Strands are not developed fully, designer should check capacities and span lengths
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Appendix 5-B-3                           Existing Bridge Widenings
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Appendix 5-B-4           P.T. Box Girder Bridges Single Span
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                                                                        Appendix 5-B-5
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Design Example 2 Cast-in-Place Concrete Slab Design
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Design Example 3 Precast Slab Design Stay-In-Place (SIP) Deck Panel
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Design Example 5                                      Precast Concrete 
                                               Stay-In-Place (SIP) Deck Panel

Design Criteria
 Loading: HL-93
Concrete:
 SIP Panel, f'ci := 4.0·ksi
    f'c  := 5.0·ksi (f'ci + 1 ksi)
 CIP slab,  f'cs := 4.0·ksi
Reinforcing Steel: (§5.4.3)
 AASHTO M-31, Grade 60,  fy := 60·ksi  Es := 29000·ksi 
Prestressing Steel:
 AASHTO M-203, uncoated 7 wire, low-relaxation strands (§5.4.4.1)
 Nominal strand diameter, db := 0.375·in Ap := 0.085·in2
 (Trends now are toward the use of 3/8in. diameter strand, per PCI J., 33(2), pp.67-109)
 fpu := 270·ksi
 fpy := 0.90·fpu fpy = 243 ksi
 fpe := 0.80·fpy  fpe = 194.4 ksi @ service limit state after all losses
     (LRFD Table 5.9.1-1)
 Ep := 28500·ksi
Design Method: LRFD 2nd Edition

Mechanical shear ties on the top of panels are not required per PCI, special report, PCI J., 
32(2), pp. 26-45.

Structure:
 Design span  L := 89.07·ft
 Roadway width  BW 53.0·ft  barrier face to barrier face
 Girder spacing  S := 6.75·ft
 Skew angle  θ := 14.65·deg
 no. of girder  Nb := 8
 curb width on deck, cw := 10.5·in
 Deck overhang (CL. of exterior  overhang = 3.75ft
 girder to end of deck)  
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 slab design thickness ts1 := 8.0·in
 for D.L. calculation ts2 := 8.5·in
 Panel dimensions: Wsip := 8.0·ft Lsip := 6.34·ft tsip := 3.5·in
 CIP composite slab: tcs1 := ts1–tsip  tcs1 = 4.5in (used for structural design)
     tcs2 := ts2–tsip  tcs2 = 5in (actual thickness)
     wc := 0.160·kcf
 future wearing surface tws := 0·in
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Minimum Depth and Cover (§9.7.1)
 Min. Depth if(ts2 > 7.0·in, "OK", "NG") = "OK"
 Min. SIP thickness if(0.55·ts2 > tsip > 3.5·in, "OK", "NG") = "OK"
 top cover for epoxy-coated main reinforcing steel  
  = 1.5in. (up to #11 bar)
  = 2.0in. (#14 & #18 bars) (§5.12.4 & Table 5.12.3-1)
 sacrificial thickness = 0.5in. (§2.5.2.4)
 Opitional deflection criteria for span-to-depth ratio (LRFD Table 2.5.2.6.3.1)
  Min. Depth (continuous span) where S = 6.75ft (slab span length):
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 Skew Deck (§9.7.1.3)
  θ < 25·deg = 1 it true, the primary reinforcement may be placed in the direction 
    of the skew; otherwise, it shall be placed perpendicular to the main 
    supporting components.
Loads
The precast SIP panels support their own weight, any construction loads, and the weight of the 
CIP slabs. For superimposed dead and live loads, the precast panels are analyzed assuming that 
they act compositely with the CIP concrete.
Dead load per foot
 SIP panel  wsip := tsip·wc  wsip = 0.047 kip

                         
ft2

 CIP slab  wcs := tcs2·wc  wcs = 0.067  kip

                         
ft2

 Weigth of one traffic barrier is tb := 0.52· kip

                      
ft2

 Weigth of one sidewalk is tside := 0.52· kip

                           
ft2

Wearing surface & construction loads
 wearing surface  wws := tws·wc·ft  wws = 0 kip

                   
ft

 construction load   wcon := 0.050· kip  (§9.7.4.1)
 (applied to deck panel only)                          

ft

Live Loads
(§3.6.1.3, not for empircial design mthod) Where deck is designed using the approximate strip 
method, specified in §4.6.2.1, the live load shall be taken as the wheel load of the 32.0kip axle of 
the design truck, without lane load, where the strips are transverse.
 if (S < 15·ft, "OK", "NG") = "OK"   (§3.6.1.1.1.2)
Multiple presence factor: M1 := 1.2   M2 := 1.0   (§3.6.1.1.1.2)
Dynamic Load Allowance (impact)  IM := 0.33 (§3.6.2.1)
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Maximum factored moments per unit width based on Table A4-1:   for S = 2.057m
(include multiple presence factors and the dynamic load allowance)
applicability if [min((0.625·S 6·ft)) > overhang - cw, "OK", "NG"] = "OK"
   if (Nb > 3, "OK", "NG") = "OK"
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(§3.6.1.3.4) For deck overhang design with a cantilever, not exceeding 6.0ft from the centerline 
of the exterior girder to the face of a continuous concrete railing, the wheel loads may be 
replaced with a uniformly distributed line load of 1.0 KLF intensity, located 1ft from the face of 
the railing.
 if (overhang - cw < 6·ft, "OK", "NG") = "OK"
Load combination
Where traditional design based on flexure is used, the requirements for strength and service limit 
states shall be satisfied.
Extreme event limit state shall apply for the force effect transmitted from the bridge railing to 
bridge deck (§13.6.2).
Fatigue need not be investigated for concrete deck slabs in multi-girder applications (§5.5.3.1). 
Strength Limit States
Load Modifier
 ηD := 1.00  for conventional design (§1.3.3)
 ηR := 1.00 for conventional level of redundancy (§1.3.4)
 ηI  := 1.00  for typical bridges (§1.3.5)
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����   η = 1   (§1.3.2)

Strength I load combination - normal vehicular load without wind (§3.4.1)
Load factors (LRFD Table 3.4.1-1 & 2):
 γp := 1.25  for component and attachments
 γDW := 1.50 for DW
 γL := 1.75 for LL
Section Properties
Non-composite section     per foot
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Design Example 4 Deck Bulb Tee and Ribbed Girder Design
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Design Example 5  Solid and Voided Slab Design
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Design Example 6 Positive EQ Reinforcement at Interior 
Pier of a Prestressed Girder
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Design Example 9                               Noise Wall Type D-2K 
                                                          (Precast Panel on Shaft
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Design Example 8 Construction Reinforcement in Crossbeam

Material Properties
Height of the crossbeam, h := 48 (in)

Fillet := 3 (in)

Ts := 7.5 (in)

Distance below top construction jo int in Crossbeam, d_joint := 3

Distance from Centroid of Tensile Reinforcment to Farthest Compressive Fiber,

d := h – Fillet − Ts − d_joint (in)

d := 34.5 (in)

Width of Compression Flange, b := 30 (in)

Moment of inertia of the Crossbeam during construction, 
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 I = 276480 (in4)

Compressive Strength of the Concrete, f’c := 4.00 (ksi)

β1 := 0.85 for 4.00 ksi concrete

Yield Strength of the Reinforcing Stell, fy := 60 (ksi)

Resistance Factor, φ := 0.90

Weight of Concrete, wc := 0.160 (kcf)

Bridge Geometry
Length of the Crossbeam, L_crossbeam := 55

Number of Columns supporting the crossbeam, N_col :=2

 Col_spacing :=25.0

Critical Moment Location form Left End of Crossbeam, 
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 Crit_L = 15ft

Girder Overhang, G_o := 5 (ft)

Girder Spacing, G_s := 7.5 (ft)

Traffic Barrier with unit weight of Wtb := 0.980  klf located at end of crossbeam.

The design moment for construction reinforcement shall be the factored negative dead load 
moment due to the weight of the crossbeam and adjacent 10 feet of superstructure.

Calculation of Dead Loads of crossbeam and adjacent 10 feet of superstructure.
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Distributed weight of adjacent 10 feet of slab, 
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Ws = 1 (klf)

A_girder := 2.59 (ft2)

Weight of Girder, Wg := A_girder·wc·10

Wg = 4.144 (kips)
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The Weight of the girder is applied at a distance, L1 := 10ft and L2 := 2.5ft away from the 
column support. (from bridge Geometry)

Weight of traffic barrier, Wtb := Wtb·10

Wtb = 9.8 (kips)

Calculation of Design Moment

Moment due to weight of crossbeam, 
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 Mc = 180 (kip-ft)

Moment due to weight of slab, 
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 Ms = 112.5 (kip-ft)

Moment due to Girders, Mg := Wg·(L1+ L2) Mg = 51.8 (kip-ft)

Moment due to Traffic Barriers, Mtb := Wtb·Crit_L  Mtb = 147 (kip-ft)

Total Factored Negative Design Moment, Mu := 1.25·(Mc + Mg + Ms + Mtb)

   Mu = 614.125 (kip-ft)

Calculation of Required Steel
Number of Bars, N_bars := 6

Rebar Size, Bar_size := 8

Area of Bars, As :=
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 As = 4.712 (in2)

Height of compressive stress block, a ;=
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 a = 2.772 (in)

Mr :=
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  Mr = 702.207 kip·ft  > Mu = 614.125 (kip-ft)

Check Cracking Requirements
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   Yt = 24 (in)
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   Mcr = 460.8 (kip-ft)

Factor := 1.2·Mcr   Factor = 552.96 (kip-ft)

Since Mu >= 1.2 Mcr, the top of the Crossbeam is not going to crack during Construction.
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Design Example 9 Stut and Tie Design
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Design Example 10  Crossbeam Shear and Torsion Design
Given:  Pier Crossbeam with Length, Lc := 35.4ft and with two Columns support, each with 
centerline 8.5 feet from the end of crossbeam.

Factored Shear, Trosion, and Axial Force:

 Vu := 778.3 (kip)

 Tu := 722 (kip-ft)

 Factored Axial force taken as positive if Tension, Nu := 0 (kips)

Concrete Class 4000. F'c := 4.0 (ksi)

Reinforcing Steel, Grade 60, fy := 60 (ksi)

Modulus of Elasticity, Es := 29000 (ksi)

Unit Weight of Concrete, wc := 0.160 (kcf)

Depth of Crossbeam, D := 48 (in)

Width of Crossbeam, W := 72 (in)

Weight of girder per foot, Wg := D·W·wc   
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Calculate the Required Longitudinal Rebar Requirements
Negative Moment Reinforcement

Factored Negative Moment at Columns, Mu := 2500 (kip-ft)

Size of Negative Moment (Top Bar), Barsize_t := 9

Area of one Bar Reinforcement, As :=1 (in2)

Required Cover for Steel Reinforcing, Cover := 3 (in)
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  d = 44.44 (in)

b := W    b = 72 (in)

Number of Bars Used For Negative moment reinforcement, Nbars := 14

Total Area of Steel, Ast := Nbars·As
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  a = 3.43 (in)

Resistance factor to Moment, φ := 0.90

Flexural Resistance, 
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 Μr = 2691.47 (kip/ft)
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Positive Moment Reinforcement
Factored Negative Moment at Columns, Mu := 1392 (kip-ft)

Size of Negative Moment (Bottom Bar), Barsize_t := 8

Area of one Bar Reinforcement, As := 0.7853 (in2)

Required Cover for Steel Reinforcing, Cover := 3 (in)
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  d = 44.5 (in)

b := W    b = 72 (in)

Number of Bars Used For Negative moment reinforcement, Nbars := 10

Total Area of Steel, Ast := Nbars·As
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  a = 1.92 (in)

Resistance factor to Moment, φ := 0.90

Flexural Resistance, 
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 Μr = 1538.55 (kip-ft)

Calculation and Introduction of Torsion Effects
Number of legs of Closed transverse Torsion reinforcing, N_legs := 4

Bar size of Stirrups, Bss := 5

Area of one leg of Closed Transverse Torsion reinforcement, 

!
"
#

$
%
& '
'(

144
bhwc:Wc  

12
12
Tswc:Ws '!

"
#

$
%
&'(  

bc'f85.0
fyAsb:a
''

'
(  a = 1.92 (in) 

 

16
t_BarsizeCoverD:d ))(   d = 44.5 (in) 

*'!
"
#

$
%
&(

2

16
Bss:At  

2
2

Ao2
Tuph9.0Vu:Vu !

"
#

$
%
&

'
''

+(   Vu = 778.898 (kips) 

2
ad:dv )(  

2Aoh
phTu

dvbv
VpVu:v

',
'

+
'',
',)

(   v = 0.243 (kis) 

061.0
c'f

v
(   Guess a value of !x := .001 

 

0123.0x
)ApsEpsAsEs(2

fpoAps

180
tan

)VpVu(5.0Nu5.0
dv
Mu

:x (-
'+''

')
!
"
#

$
%
& .'
*
)'

+'+

(-  

01141.0x
)ApsEpsAsEs(2

fpoAps

180
tan

)VpVu(5.0Nu5.0
dv
Mu

:x (-
'+''

')
!
"
#

$
%
& .'
*
)'

+'+

(-  

,
(

Vu : Vn_1  

dvbvc'f0316.0:Vc ''(  

!
"
#

$
%
& '

*
'.

''
(

Vs
180

tan

dvfyAv:s  s = 6.5 (in)  

Minimum Cover Requirements, Cover := 2.5    At = 0.307 (in2)

Perimeter of the centerline of the closed transverse torsion reinforcement, Ph

 ph := 2·(w-Cover) +2·(D-cover)   ph = 230 (in)

Area enclosed by centerline of exterior closed transverse torsion reinforcement, including area of 
holes, if any, Aoh := (W-2·Cover)·(D-2·Cover)

 Aoh = 2881 (in2)

Area enclosed by shear flow path, including any holes, Ao := 0.85·Aoh

 Ao = 2448.85 (in2)   per C5.8.3.6.2 of AASHTO LRFD

For combined shear and torsion, εx shall be determined using Equation 5.8.3.6.2-2 of AASHTO 
LRFD, with Vu replaced by:
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Component in the direction of the applied shear of the effective prestressing force; positive if 
resisting the applied shear, Vp

 Since their is no prestressing inthe crossbeam, Vp := 0
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Effective Shear Depth, Shall be taken as the greatest of the following per AASHTO LRFD 
5.8.2.9

 dv := 0.72·D dv = 34.56 (in)

 dv := 0.9·d dv = 40.05 (in)

 

!
"
#

$
%
& '
'(

144
bhwc:Wc  

12
12
Tswc:Ws '!

"
#

$
%
&'(  

bc'f85.0
fyAsb:a
''

'
(  a = 1.92 (in) 

 

16
t_BarsizeCoverD:d ))(   d = 44.5 (in) 

*'!
"
#

$
%
&(

2

16
Bss:At  

2
2

Ao2
Tuph9.0Vu:Vu !

"
#

$
%
&

'
''

+(   Vu = 778.898 (kips) 

2
ad:dv )(  

2Aoh
phTu

dvbv
VpVu:v

',
'

+
'',
',)

(   v = 0.243 (kis) 

061.0
c'f

v
(   Guess a value of !x := .001 

 

0123.0x
)ApsEpsAsEs(2

fpoAps

180
tan

)VpVu(5.0Nu5.0
dv
Mu

:x (-
'+''

')
!
"
#

$
%
& .'
*
)'

+'+

(-  

01141.0x
)ApsEpsAsEs(2

fpoAps

180
tan

)VpVu(5.0Nu5.0
dv
Mu

:x (-
'+''

')
!
"
#

$
%
& .'
*
)'

+'+

(-  

,
(

Vu : Vn_1  

dvbvc'f0316.0:Vc ''(  

!
"
#

$
%
& '

*
'.

''
(

Vs
180

tan

dvfyAv:s  s = 6.5 (in)  

 dv = 40.05 (in)

 dv = 43.54 (in)

Resistance factor for shear, φ := 0.90 

Effective Web Width, bv := 90 (inch)

The angle θ shall be as specified in either Table 5.8.3.4.2-1 or Table 5.8.3.6.2-2, as appropriate. 
with the shear stress, v, taken as for box section:
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From Table 5.8.3.4.2-1 of AASHTO LRFD,

 θ := 36.4 (degrees)

 β := 2.23

Calculate εx from Equation 5.8.3.4.2-1 of AASHTO LRFD and compare to guess.

Since there is no prestressing inthe Crossbeam:

 Aps := 0 (in2)

 fpo := 0 (ksi)

 Eps := 285000 (ksi)
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Try again with a new value of εx = .00125

 θ := 38.6 (degrees)

 β := 2.09
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The nominal Shear resistance, Vn, shall be determined as the lesser of:

 Vn = Vc + Vp + Vs

 Vn = 0.25 f'c bv dv +Vp
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 Vn_1 = 865.44 (kips)

 Vn_2 := 0.25·f'c·bv·dv+Vp   Vn_2 = 3918.39 (kips)

 Vn := Vn_1   Vn = 865.442 (kips)

Shear Resistance Provided by Concrete,  
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  Vc = 247.64 (kips)

Shear Resistance Provided by Stirrups, Vs := Vn - Vc - Vp         Vs = 617.8 (kips)

 Av := At·N_legs    Av = 1.227 (in2)

Required Spacing of Transverse Reinforcing,  
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Check Spacing Requirements
Check the minimum Transverse Reinforcement per AASHTO LRFD 5.8.2.5.
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Design Example 11  Torsion and Shear Capacity of 
Reinforced Concrete Beams

Concrete Properties:
f’c := 4·ksi

Reinforcement Properties:
Bar Diameters: Bar Areas:

dia(bar) := 0.375·in if bar = 3 Ab(bar) := 0.11·in2 if bar = 3
0.500·in if bar = 4 0.20·in2 if bar = 4
0.625·in if bar = 5 0.31·in2 if bar = 5
0.750·in if bar = 6 0.44·in2 if bar = 6
0.875·in if bar = 7 0.60·in2 if bar = 7
1.000·in if bar = 8 0.79·in2 if bar = 8
1.128·in if bar = 9 1.00·in2 if bar = 9
1.270·in if bar = 10 1.27·in2 if bar = 10
1.410·in if bar = 11 1.56·in2 if bar = 11
1.693·in if bar = 14 2.25·in2 if bar = 14
2.257·in if bar = 18 4.00·in2 if bar = 18

fy := 40·ksi

Es := 29000ksi LRFD 5.4.3.2

Ep := 28500ksi LRFD 5.4.4.2 for strands

barLT := 18  Longitudinal -Top

barLB := 18 Longitudinal -Bottom

barT := 6  Transverse

dLT := dia(barLT) dLT = 2.257in ALT := Ab (barLT) ALT = 4in2

dLB := dia(barLB) dLB = 2.257in ALB := Ab (barLB) ALB = 4in2

dT := dia(barT) dT = 0.75in AT := Ab (barT) AT = 0.44in2

Beam Section Properties:
b := 37in

h := 90in

bottomcover := 1.625·in

sidecover := 1.625·in

topcover := 1.625·in

Factored Loads:
Vu := 450·kip

Tu := 500·kip·ft

Mu := 0·kip·ft

Nu := 0·kip
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Torsional Resistance:
The factored Torsional Resistance shall be:  LRFD 5.8.2.1

 Tr = φ·Τn

Torsion shall be investigated where:

 Tu > 0.25·φ·Τcr

 φ := 0.90  For Torsion and Shear LRFD 5.5.4.2

 Acp := b·h  Acp = 3330in2

 Pc := (b + h)·2 Pc = 254in

 fpc := 0·ksi
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 0.25·φ·Τcr = 204.6kip·ft

 Tu >0.25·φ·Τcr = 1 Torsion shall be investigated.

For a section subjected to combined Shear and Torsion:
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    Aoh = 2838in2

Ao := 0.85·Aoh  Ao = 2412.3in2

Adjusted Shear for calculation of ε:

�� �� ��� ���� �������

�� ��� ��� ��� ���� ���� ��� �� ���� ���

�� ��� �� �� ���

�� � ������ �� ��������� �������

��� � ��
���� �� ��������� �������

�� � ������ �� �� ��
�� ��� � ��� ����

��� � ������

��

��
��

��� ���� ��� ���� ���� �� ��� �� ��� ��� �����
�
�
	



�
�

�� ��� �� �����
�� ���� �����������

�� ����� ������

���� �� ���� ����� ��� ����

�� ���� �� ����� �� ������� ����� �� �������������

��� � ������� ��������� �� �������� ����� ��� �������� ���� ���������

�� � � � ���������
��
�

�
�
�
�

�
�
�

��
�
�
	



�
�

� ��������� ������������ ���� ��
�
�
	



�
�

���

�� ��� ���

��� � � ���������
��
�

�
�
�
�

�
�
�

��
�
�
	



�
�

� ��������� ������������ ���� ����

��� ���� ��
��

�� ���� ������ �� ������ ��
��

�������� ����� ��� ����������� �� ��

���� ��
� ��� ��� ���

� ���

�
�
�

�
�
�

�

��� ���� ����� ���� ���� �����������

� ���� ������ ������ �� ����� ����������

�� ���� ������

    Vust = 522.9kip LRFD 5.8.3.6.2-2
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θ := 36.4·deg  Assume to begin iterations

de := 90in - 30in de = 87in  LRFD 5.8.2.9

dv := max(0.9·deg, 0.72·h) dv = 78.3in

bv := b   bv = 37in

Vp := 0·kip   No Prestress Stands

Aps := 0·in2  No Prestress Stands

As := 4·ALB  As = 16in2  For 4 #18 bars

fpo := 0·ksi
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  LRFD 5.8.3.4.2-2

εx ·1000 = 0.764

�� ����� ��� ���� ���� �������

�� ���� ��� ����

�� ��� �� ��

����� �����������

��� �������� ����� ���������� ����� ��� ���� �������

�� � ����

�� ������ ��
���
���

� ��� ��� ������ �� ����� ���� ���� �������

� �� ������

�� ���� �� ���� ��
��

� � ����� ������� �� ������ ��������� �����

��
�� � ����

� ��� ���

��
��

��
��

�
�� ���

� ���
��

�
�
�
�

�
�
�
�

�

��� ���� �����������
�� ����� ����

��
���

������

���� ����� ������������ ���� � ��� �

� ���� ������ ����� �� ����� �� �������� ������ ���

� ������

��������� �����������

�� ���� �� ���� ��
��

� � ����� ������� �� ������������� ��������� �������

��
� ��� ��� ��� ��� �� ��

�
�� �� ����� ��� ���� ���� �����������

�� ���� ��� ����

�� � �����

      LRFD 5.8.3.6.2-4

From Table 5.8.3.4.2-1, Find β and θ

θ := 36.4·deg   Value is close to original guess. OK

β := 2.23

Torsional Resistance:
At := AT   At = 0.44in2

s := 5·in   Spacing of Reinforcement resisting Torsion
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 Tn = 23035 kip·in  LRFD 5.8.3.6.2-1

    Tn = 1920 kip·ft

Tr := φ·Tn   Tr = 20731 kip·in  LRFD 5.8.2.1

    Tr = 1728 kip·in

Tr > Tu = 1   OK

Shear resistance:
The factores Shear Resistance shall be:   LRFD 5.8.2.1

Vr = φ·Vn
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 Vc = 408.3 kip  LRFD 5.8.3.3
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α := 90·deg

Av := AT   Av = 0.44in2

s := 5·in   Spacing of Reinf. resisting Shear
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 Vs = 373.8 kip

Vn := min(Vc+Vs+Vp, 0.25·f'c·bv·dv+Vp)  Vn = 782.1 kip

Vr := φ·Vn   Vr = 703.9 kip

Vr > Vu =1   OK

Check for Longitudinal Reinforcement:  LRFD 5.8.3.6.3

fps := 0·ksi

As·fy+Aps·fps =640.0 kip
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Design Example 12 Strain Compatibility Approach for Flexural Capacity
Materials:    Cast- in-place Slab

 Actual thickness, tc = 8.0in

 Structural thickness, height_slab :=7.5in 

 Concrete Strength at 28 days, f’c_slab := 4.0ksi 

Precast Beams: AASHTO - PCI Bulb Tee

 Concrete Strength at 28 days, f’c_beam := 6.5ksi

 t_top_flange := 42in

Prestressing Strands: 1/2” Diameter, Seven Wire, Low Relaxation

 Area of One Strand, Area_bars 0.153in2

 fpu := 270ksi 

 Yield Strength, fpy := 0.9fpu    fpy = 243ksi =

 Stress Limits for prestressing strands:

 At Service Limit State (after all losses) , fse < 0.80fpy = 194.4ksi

 Modulus of Elasticity, Eps := 28500ksi

 Total Number of Prestressing Strands, num_bars := 48

 Centroid of Prestressing Strands above bottom of Girder, 
 center_prestressing_strands 6.9in 

Non Composite Section Properties

 h_beam := 72in

Step 1 Assume a neutral axis depth c and substitute in the equation below to obtain 
the corresponding strain in each steel layer “i”. A layer “i” is defined as a group of bars 
or tendons with the same stress-strain properties and effective prestress, and which can 
be assumed to have a combined area with a s ingle centroid.

 di = Depth of steel from Extreme compression fiber (in)

 fse = effective prestress. For partially tensioned tendons or for non-reinforced rebars, 
fse may be assumed = fpi - 25 ksi where fpi is initial tension.

  c := 9.75in  fse := 194.4ksi 

center_prestressing_strands = 6.9in   di := (h_beam+height_slab)-center_prestressing_strands
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   εsi = 0.026

Step 2 Estimate the stress in each steel layer

For Low Relaxation 270 ksi Strands: 
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Page 5-B-174 Bridge Design Manual M 23-50 
 July 2005

Bridge Design Manual M 23-50 Page 5-B-175
July 2005

Step 3  Use Equilibrium of Forces to Check assumed Neutral Axis Depth
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Average the coefficient β1 over the concrete materials if the depth of the compression block 
is greater than the depth of the cast in place concrete slab.
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initial guess of β1 := 0.81 initial_a := β1 c  initial_a := 7.897in  width_of_slab := 60in
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β1avg = 0.843    a := β1avg·c    a = 8.22in

ΣFcj := –0.85·(width_of_slab·height_slab)·f’c_slab – 0.85·(a – height_slab)·t_top_flange·f’c_beam

ΣFcj = – 1696.66kip

ΣFcj + ΣAsifsi = 270.89kip      Error is not with in 1% so repeat Procedure

Step 4 Revise “c” and repeat steps 1 through 3 as necessary By decreasing the value of “c”, 
the area of the compressive stress block decreases. This corresponds to a much smaller 
compressive force. If the value of “c” is increased, the compressive force increases. After a 
few trials, a neutral axis that satisfied equilibrium was found. For simplicity, all intermediate 
iterations will be skipped.

Step 1 Final Trial

Assume new neutral axis at c := 11.30in and compute strain in each stell layer.
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Step 3 Final Trial

ΣAsifsi := Area_bars·num_bars·fsi       ΣAsifsi = 1964.63kip

β1 := 0.824   initial_a := β1·c  initial_a = 9.31in

Note: The new Value of β1 is equal to the value of β1avg of the last iteration.
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β1avg = 0.823    a := β1avg·c   a = 9.3in

ΣFcj := –0.85·(width_of_slab·height_slab)·f'c_slab – 0.85·(a-height_slab)·t_top_flange·f'c_beam

ΣFcj = –1947.83kip

ΣFcj + ΣAsifsi = 16.8kip  Error is with in 1%, so equilibrium is satisfied.
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Step 5 Calculate the nominal flexural capacity by summing moments of all forces about the top 
fiber of the compressive face.

di = distance from top of slab to the midpoint of pretensioned steel   di = 72.6in

dj1 = distance from top of slab to centroid of compressive block on slab,
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dj2 = distance from top of slab to centroid of compressive block on beam,
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 Fcj1 := 0.85·width_of_slab·height_slab·f'c_slab    Fcj1 = 1530kip

 Fcj2 := 0.85·(a –Height_slab)·t_top_flange·f'c_beam   Fcj2 = 417.83kip

 ΣFcjdj := Fcj1·dj1+Fcj2·dj2  Mn := ΣAsifsi·di –ΣFcjdj Mn = 11115kip·ft

Step 6 Calculate the Design Moment Capacity, φΜn

 φ := 1  For Precast Concrete Fleural Members

 Mr := φ·Mn

 Mr:= 11115kip·ft

AASHTO LRFD 
Specifications

Strain 
Compatibility

Neutral Axis Depth, c (in) 12.14 11.30
Compression Block Depth, a (in) 10.32 9.30

φΜν 10782kip-ft Mr =11115 kip·ft
97% 100%




